(3 σ). These data support our previous suggestion that the star formed from the iron-poor ejecta of a single massive star Population III supernova.
Introduction
Keller et al. (2014) during early post main sequence stellar evolution (Lind et al. 2009 ) and this evidence, together with a T eff = 5125 K and log g = 2.3 derived from spectrophotometry, is consistent with a star ascending the giant branch for the first time. The C, Mg, and Ca abundances can be attributed to a low energy Pop III SNe and measurement of the oxygen abundance, in particular, offers an important test of this scenario. To measure the oxygen abundance in ultra-metal poor K stars, however, it is necessary to work in the ultra-violet and observe the OH lines that persist well after the [OI] 6300.3 A line has become undetectable.
Observations
In order to measure the OH (and CH) lines between 3100Å and 3200Å, and obtain better detection limits on N, Na, V, Co, Ni, Fe, and Cu, we used UVES (Ultraviolet and Visual Echelle Spectrograph; Dekker et al. 2000) on the VLT (ESO Very Large Telescope)
at Paranal in Chile. Between September 2013 and September 2014, 31 exposures totalling 29.26 hours of on-source integration were obtained. The UVES UV spectrum extended from 3060Å to 3860Å and the two red spectra from 4786Å to 6803Å.
The data were reduced using the default settings of the UVES pipeline as implemented in the "reflex" reduction environment. There was a high order sinusoidal-like modulation of the continuum remaining in much of the UV spectrum. The modulation with an amplitude of about 20 % and frequency about 50Å was removed by hand, leaving a residual variation of amplitude of 2 % − 4 % and spacing of about 1.5Å that makes the measurement of shallow features somewhat uncertain. It was very clear, however, that there were many strong OH lines present between the observational cutoff around 3060Å and 3200Å, and that the OH lines were much stronger than the CH lines, except at the band head of the CH C-X band near 3144Å. In Fig. 1 
Analysis
We have carried out a spectrum synthesis of the CH, OH, and NH molecular lines in SM0313−6708 using Turbospectrum (Alvarez & Plez 1998; Plez 2012) . We adopted an interpolated "standard" metallicity MARCS 1D LTE model atmosphere structure (Gustafsson et al. 2008 There is no indication of any NH features centered on 3360Å, but the higher S/N of the UVES spectrum enables us to reduce the upper limit to [N/H] < −4.2, at least two orders of magnitude lower than C and O.
3D−1D corrections to C and O abundances
The carbon, nitrogen and oxygen abundances reported above were derived from 1D LTE analysis of the CH and OH lines. One of us (RC) generated a 3D time-dependent hydrodynamic model atmosphere of a red giant star with stellar parameters very similar to the ones of SM0313−6708 using a custom version of the Stagger code (Nordlund & Galsgaard 1995; Nordlund et al. 2009 ) as well as a 1D model atmosphere corresponding to the same parameters and relying on the same micro-physics and opacity data. Synthetic LTE CH and OH spectra for a range of C and O abundances were produced using the SCATE code (Hayek et al. 2011 ) with 3D and 1D models, accounting for the effects of radiative scattering; the best fits to the observed spectrum were determined in both cases and the 3D−1D abundance corrections were then derived. These 3D−1D corrections are: −0.14 dex for the carbon abundance as derived from the CH band and −0.53 dex for oxygen from OH (the negative sign meaning the 3D-derived abundances are lower). The poorer fit of the deep OH and CH lines in Fig. 3 is likely due to limitations with the adopted 1D model atmosphere. Our computations of CH, NH, and OH lines have been carried out in LTE, but in low-density atmospheres it is possible that non-LTE processes may be important for cooling the outer stellar layers (Lambert et al. 2013 ) and for affecting the strength of molecular bands. As no study of non-LTE CH, NH, and OH line formation is available in the literature, however, we are unable to quantify non-LTE effects on CNO abundances derived from these molecular bands.
3.2.
12 C/ 13 C ratio
In order to put limits on the 12 C/ 13 C ratio we used two regions of the spectrum where the 12 CH and 13 CH lines are well separated and free from blending. There were five strong lines in the B-X region and nine in the A-X region. Sections of spectrum centered on each of the lines were extracted and summed in both the observed spectrum and the synthetic spectra. The summed observed and synthetic 12 CH lines were in good agreement but no 13 CH feature was evident in the summed spectrum. This allows us to place a three sigma lower limit of about 40 for the 12 C/ 13 C ratio. This low value of 13 C is consistent with massive Population III star yields with no or little primary nitrogen production (Heger & Woosley 2010) .
3.3. Revised upper limits on the abundances of Fe, Na, Si, Sc, V, Co, Ni, Cu
Two of the Fe I transitions with the largest log gf values in the observed spectral range are located within the highest S/N portion of the UV spectrum, at 3719.94Å and 3737.13Å.
Sections around the position of these lines were extracted, summed and compared with the summed synthetic spectra computed for a range of Fe abundances. Again, no feature was evident in the observed spectrum and we estimate a revised abundance limit for [Fe/H] of about −7.5.
The non-detection of lines of Sc, Ti, V, Co, Ni, and Cu in the UVES spectrum in the range from 3100Å to 3700Å provided revised lower upper limits for many elements given in Table 1 ( Frebel et al., in prep .) The non-detection of the Si I line at 3905.52Å in the blue MIKE spectrum indicates an upper limit of −5.6 dex.
The UVES red spectrum was in good agreement with the MIKE spectrum for the Mg I lines and the Li I line, but the better S/N and weaker telluric lines in the UVES red spectrum indicates that the Na limit could be lowered to about −5.7 dex. Table 1 lists the current best estimates for the chemical abundances of SM0313−6708.
Discussion
Heger & Woosley (2010) have followed the evolution and explosion of metal-free stars with masses 10 M to 100 M and determined their nucleosynthetic yields, light curves, and remnant masses. Such stars would have been the first to form after the Big Bang and could have left a distinctive imprint on the composition of the early universe. The evolution of these stars may be affected in several ways by their zero-metallicity primordial composition.
Because these stars suffered little mass-loss during their pre-explosive lifetimes, their masses at their deaths were larger than more metal-rich stars. The models produces some carbon, but for masses less than about 40 M primary production of nitrogen is suppressed. These stars ended their lives as compact blue supergiants making their envelope more tightly bound, with two interesting consequences: i) The more compact envelope increases the amount of mass that falls back after the explosion, meaning that they were more likely to collapse to black holes at lower masses compared to modern stars, trapping most of the heavy elements; ii) mixing by the Rayleigh-Taylor instabilities is suppressed in these compact stars, so it is mainly unmixed material that escapes in the explosion. Fitting the current SM0313−6708 abundances (Table 1) against models from Heger III supernova/hypernova, in contrast to our suggestion that the Ca originates from the hot-CNO cycle during pre-supernova evolution, which is, remarkably, consistent with the present data.
Although Ishigaki et al. (2014) well fits the observed abundances, their modelling uses several independent free parameters. For example, their models require significantly more mixing than is consistent with hydrodynamical simulations of Population III stars (Joggerst, Woosley & Heger 2009 ) and the fallback is adjusted independently of the explosion energy. Jetted or asymmetric explosions may be a possibility, however, this is another free parameter. In the (Heger & Woosley 2010 ) models the mixing is consistent with hydrodynamical simulations of Joggerst, Woosley & Heger (2009) and the fallback is computed self-consistently with the explosion energy. Fuller discussion of the abundances of SM0313-6708 and SN modelling will be presented in a future paper.
Conclusions
The ultraviolet spectrum of SM0313−6708 is dominated by the lines of the OH A-X band which are noticeably stronger than the CH C-X lines. The new line lists of Masseron fit the OH and CH lines very well in both wavelength and strength. We could detect no lines of 13 CH, which places a limit of more than 40 on 12 C/ 13 C, and no lines of NH putting nitrogen at least two orders of magnitude less than C and O. This supports there having been no mixing from the H-burning shell to the surface within SM0313−6708 and there being little nitrogen relative to C and O in the material from which SM0313−6708
formed. The clear lack of any metal lines apart from Mg I in the UVES ultraviolet spectrum also enabled us to lower the abundance limits for those elements whose strong lines are normally seen in this region, including Fe I, for which we now derive an [Fe / 
